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Vessel for storing particulate matter and discharge 
device for use in the same 

The invention pertains to a vessel for storing 
particulate matter, such as pulverised coal or fly ash, 
comprising a main part and, at its bottom portion, at 
least one discharge device, which comprises a converging, 
preferably conical or substantially conical, outer shell- 
and a permeable, converging inner shell positioned in the 
outer shell, the discharge device being connected to the 
main part by means of a first flange at or near the lower 
rim of the bottom portion of the main part and a second 
flange at or near the upper rim of the outer shell of the 
discharge device. 

Such vessels are employed inter alia for (temporary) 
storage of pulverised coal and fly ash in coal 
gasification plants. Coal gasification is known in the 
art and involves the partial combustion of carbonaceous 
materials such as coal and petroleum coke. The primary 
product is syngas, a mixture of carbon monoxide and 
hydrogen, which is often used to manufacture pure 
hydrogen and to synthesise ammonia, methanol, oxo 
chemicals and their derivatives, such as urea fertiliser 
and synthetic hydrocarbon fuels. Syngas can also be used 
directly as. a fuel to generate heat, steam and 
electricity. 

OS 5,129,766 (in the name of Shell Oil Company) 
discloses a vessel -comprising a feed hopper 
(numeral 11 in figure 1) and a cone-shaped 
"receiving means 7". According to US 5,129,766, it is of 
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particular importance in the manufacture of synthesis gas 
that particulate . fuel is introduced to burners within the 
gasifier in a uniform manner. Fluctuations in the mass 
flow rate of coal being supplied to the burners of the 
5 gasifier are detrimental to its perfomance. 

Figure 2 of US 5,129,766 shows a receiving means (7) 
which may be lined with a liner or inner shell (8) whose 
walls may be permeable, or porous, to gaseous fluids used 
for aerating the mixture of particulate solids and gas 
10 ■ present in the receiving means. A jacket (13) surrounds 
the liner (8) and is mounted to form a substantially 
enclosed space between the walls (12) of the liner (8) 
and the jacket (13) . ha can be seen from figure 2, the 
receiving means (7) comprises a flange, which is 
15 connected, by means of bolts, to a flange on the bottom 

side of the feed hopper. The liner (8) is kept in place 
by clamping a flange forming the upper rim of the liner 
(8) between the said flanges on the receiving means (7) 
and the feed hopper (11) . 
20 As a result of this construction, extra leaks paths 

are created from the (pressurised) feed hopper to the 
atmosphere and small deviations in the position of - the 
liner or the flanges may subject the liner to detrimental 
bending stresses, especially during bolt tightening. 
25 It is an object of the present invention to reduce at 

least one of these effects. 
• To this end, the invention is characterised in that the 
inner shell is secured, preferably at or near its upper 
rim, to the inner wall of the outer shell of the 
30 discharge device, preferably to the inner wall of the 

second flange. As a result, the number of gaskets between 
the flanges can be reduced, preferably to a single- 
gasket, thus reducing or avoiding additional leak paths. 
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and/or positioning of the inner shell becomes less 
critical, at least with regards to the tightening of the. 
flanges . 

In a preferred embodiment, the inner wall of the 
second flange is provided with at least one lug or a ring 
and the inner shell is attached to this lug or ring. 
Thus, there is no need for an individually designed 
flange adapted to accommodate the inner shell and one can 
use a standardised (ANSI, DIN, MSS, etc.) flange instead. 
Individually designed flanges have to be tailor made in a 
forging mill, requiring dedicated tools. 

The invention also pertains to a vessel for storing 
particulate matter, wherein the outer shell comprises, at 
its bottom portion, a third flange and wherein the lower 
15 portion of the inner shell is cylindrical, preferably 

circle-cylindrical, and positioned in line with the 
central opening of the third flange and/or extends 
through this opening. Thus, the construction of the 
discharge device can be kept more straightforward. 
I.e., the cylindrical lower portion can be sealed by 
means of a relatively simple gasket, e.g. one or more 
non-metal 0-rings, surrounding the lower portion. 
.Further, a standard flange can be used as the third 
flange and free thermal expansion of the inner shell is 
25 facilitated. 

Especially for vessels operating at higher 
temperatures, e.g. in excess of 200 "C, it is preferred 
that a stuffing box assembly is positioned between the 
cylindrical lower portion of the inner shell and the 
outer shell. This type of sealing device will be 
discussed in more detail below. 

The invention further pertains to a discharge device 
for use in a vessel for storing particulate matter, such 
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as pulverised coal or fly ash, comprising a converging, 
preferably conical or substantially conical, outer shell 
and a permeable, converging inner shell positioned in the 
outer shell, characterised in that the inner shell has 
5 been attached to the inner wall of the outer shell. As 

set out above, it is preferred that the device comprises 
a flange forming the upper rim of the outer shell and 
that the inner shell is attached to the inner wall of 
this flange. 

10 It is noted that US 4,941,779 discloses «a vessel 

having downwardly converging walls at the lower end - 
thereof forming a portion made of porous material having 
at least one apex for aerating the solid within the 
vessel so as to maintain a uniform mass flow rate of the 
15 solids and gas mixture discharged to a gasifier." As can 

be seen in schematic figures 1 and 2, a jacket (13) 
surrounds the porous material. US 4,941,779 does not 
mention or suggest the use of flanges nor does it mention 
or suggest the way in which the porous material has been 
20 fixed inside the jacket or hopper. 

Although the invention is described hereinafter 
primarily with reference to pulverised coal, the vessels 
and discharge devices according to the invention are also 
suitable for other granular, pulverised, and/or powdered 
25 solids, such as resins, catalysts, fly ash, anthracite, 

brown coal, soot, petroleum coke, and the like. 
. . The invention will now be explained in more detail' 

with reference to the drawings, which depict preferred 
embodiments of the vessel and discharge device according 
30 to the present invention. 

Figure 1 shows a vessel according to the present 
invention. 



Figure 2 shows a first preferred embodiment of a 
dischatge device suitable for use in the vessel of 
Figure 1. 

Figure 3 shows a second preferred embodiment of a 
discharge device suitable for use in the vessel of 
Figure 1 . 

It is noted that the drawings are not necessarily to 
scale and details, which are not necessary for an 
understanding of the present invention, may have been 
omitted. As a matter of course, the invention is not 
limited to the particular embodiments illustrated herein. 
Further, the drawings do not depict auxiliary equipment, 
such as pumps, compressors, cleaning devices etc. 

Figures 1 and 2 show a vessel 1 for temporarily 
storing pulverised coal, which vessel 1 comprises a main 
part, in this case a so-called feed hopper 2, and, at its 
bottom side, a discharge device 3. The feed hopper 2 
comprises, from top to bottom, an inlet 4 provided with a 
flange 5 for connecting the feed hopper 2 to a feed line 
(not shown) , a dome-shaped top section 6, a circle- 
cylindrical middle section 7 and a f rusto-conical lower 
section 8, which is provided with a first flange 9. 
In this particular preferred embodiment, all these 
components 4-9 are rotationally symmetrical about a 
central axis A. However, other constructions, 
e.g. comprising two discharge devices, are also possible. 

The discharge device 3 comprises an outer shell 10 
provided with a second flange 11, which is connected to 
the first flange 9 by means of bolts. The outer shell 10 
further comprises, at its bottom side, a third flange 12 
for connecting the discharge device 3 to a feed line (not 
shown) of e.g. a gasifier. A metal ring 13 has been 
welded to the inner wall of the second flange 11, which 
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ring 13 is provided with e.g. threaded holes or threaded 
ends distributed evenly over the ring 13 so as to provide 
a mounting means for an inner shell 14. 

The inner shell 14 comprises a flanged upper rim 15, 
■5 which is provided with bolts or nuts secured to, 

respectively, the threaded holes or threaded ends in the 
ring 13. A gasket 13' is positioned between the ring 13 
and the upper rim 15 so as to render the connection leak 
tight. The upper rim 15 of the inner shell 14 extends 
10 substantially flush with the face of the second flange 11 

so as to facilitate (horizontal) removal of the discharge 
device 3, e.g. for maintenance. The inner shell 14 
further comprises a conical section 16 and a lower 
circle-cylindrical section 17. The wall of the conical 
15 section 16 is, for the greater part, made of a porous 

material, such as sintered stainless steel, sintered 
ceramic, or woven stainless steel, depending upon 
operating conditions and type of coal used, and 
reinforced by means of a metal ring 18. At its lower end, 
20 the conical section 16 comprises a solid metal ring 19 

with which this section 16 is welded to the circle- 
cylindrical section 17 of the inner shell 14. 
The outer shell 10 further comprises an inlet 10' for 
feeding pressurised gas into the cavity 20 defined by the 
25 outer shell 10 and the inner shell 14. This inlet 10' 

runs substantially perpendicular to the central axis of 
the vessel, i.e. horizontally so as to facilitate 
connection of the discharge device 3 to a feed line. 
The type of gas, as well as its temperature, pressure and 
30 flow rate depend on the operating conditions. In general 

the aeration serves to overcome the frictional forces 
between the inner shell 14 and the solids contained 
therein and of inter-particle friction. For more detailed 



information on this subject reference may be had to US 
4,941^779 and US 5,129,766 mentioned above.. 

The inner diameter of the circle-cylindrical section 
17 corresponds to that of the third flange 12. A metal 
ring 21 surrounds the said circle-cylindrical section 17 
and is welded to the conical inner wall of the outer 
shell 10. The ring 21 provides a smooth sealing surface 
for O-rings installed in grooves in the outer wall of the 
circle-cylindrical section 17. Further, this, outer wall 
is, near its lower rim, also conical thus allowing 
(cycled) thermal expansion of the inner shell 14 without 
obstruction and without the building up of debris in the 
crevices between the said components. 

The inner wall of the feed hopper 2 is matched to. 
that of the inner shell 14 by means of an annular element 
22 welded to the inner wall of the first flange 9. The 
conicity of the inner wall of this element 22 matches 
that of the other walls, thus further facilitating a 
uniform mass flow rate and avoiding bridging of coal or 
ash. 

Figure 3 shows a further preferred embodiment of the 
discharge device 3 according to the present invention, 
which is especially suitable for operating at higher 
temperatures e.g. in excess of 200°C. The circle- 
cylindrical section 17 of the inner shell 14 of this 
preferred embodiment is provided with a so-called stuffed 
box assembly 23;- which is known in itsislf . The gasket 23 
comprises an annular metal ring 24, which is welded to 
the inner wall of the third flange 12 and comprises and 
annular recess containing a seal 25, e.g. a suitable 
braided fibre seal material, such as a cord or cord-like 
structure of graphite of ceramic fibres. The seal 25 can 
be compressed by means of a further ring 26, which 
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comprises an upwardly extending annular protrusion 
received in the said recess and which can be tightened by 
means of threaded ends 27. 

In view of the above description, it will be clear 
the first and second flanges are dedicated to the 
connection of the pressure vessel walls, thus improving 
leak tightness, and that the inner shell is kept in place 
by means of a dedicated means, thus facilitating the 
positioning of the inner shell in the outer shell. 
Further, all flanges 9, 11, and 12 described above are 
standard (ANSI) flanges, no individually designed flanges 
are required. 

The invention is not restricted to the above 
described embodiments which can be varied in a number of 
ways within the scope of the claims. 
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1. A vessel (1) for storing particulate matt^^ such as. 
pulverised coal or fly ash, comprising a main part (2) 
and, at its bottom portion, at least one discharge 
device (3), which comprises a converging outer shell (10) 

5 and a permeable, converging inner shell (14) positioned 

in the outer shell (10), the discharge device (3) being 
connected to the main part (2) by means of a first flange 
(9) at or near the lower rim of the bottom portion of the 
main part (2) and a second flange (11) at or near the 
10 upper rim of the outer shell (10), characterised in that • 

the inner shell (14) is secured to the inner wall of the 
outer shell (10) of the discharge device (3) . 

2. The vessel (1) of claim 1, wherein the inner shell 
(14) has been attached to the inner wall of the second 

15 flange (11) . 

3. The vessel (1) of claim 2, wherein the inner wall of 
the second flange (11) is provided with at least one lug 
or ring (13) and the inner shell (14) is attached to this 
lug or ring (13) . 

20 4. The vessel (1) of claim 2 or 3, wherein an 

element (22) for matching the inner wall of the main part 
(2) of the vessel (1) to the inner wall of the inner 
shell (14) has been' attached to the inner wall of the 
first flange (9) . 

5. The vessel (1) according to any one of claims 2-4, 
wherein the upper rim (15) of the inner shell (14) 
extends at least substantially flush with the face of the 
second flange (11) . 



6. The vessel (1) according any one of the claims 2-5, 
wherein the connection between the inner shell (14) and 
the outer shell (10) is sealed by means of a 

gasket (13'). 

7. The vessel (1) according to the preamble of claim 1, 
characterised in that the outer shell (10) comprises, at 
its bottom portion, a third flange (12) and in that the 
lower portion (17) of the inner shell (14) is cylindrical 
and positioned in line with the central opening of the 
third flange (12) and/or extends through this opening. 

8. The vessel -(1) according to claim 1, wherein a 
stuffing box assembly (23) is positioned between the 
cylindrical lower portion (17) of the inner shell (14) 
and the outer shell (10) , which assembly (23) seals the 
cavity (20) defined by the inner shell (14) and the outer 
shell (10) . 

9. The vessel (1) according to any one of the preceding 
claims, wherein all the said flanges (9,11,12) are 
standardised flanges. 

10. The vessel (1) according to any one of the 
preceding claims, wherein the outer shell (10) is 
provided with at least one inlet (10') for injecting gas 
into the cavity (20) defined by the outer shell (10) and 
the inner shell (14), which inlet (10') runs • 
substantially perpendicular to the central axis (A) of 
the vessel (1) . 

11. A discharge device (3) for use in a vessel (1) for 
storing particulate matter, such as pulverised coal or 
fly ash, comprising a converging outer shell (10) and a 
permeable, converging inner shell (14) positioned in the 
outer shell (10), characterised in that the inner 
shell (14) has been attached to the inner wall of the 
outer shell (10) . 



12. The discharge device (3) of claim 11, comprising a 
flange (11) forming the upper rim of the outer 

shell (10), the inner shell (14) being attached to the 
inner wall of this flange (11) , 

13. The discharge device (3) of claim 12, wherein the 
upper rim (15) of the inner shell (14) extends at least 
substantially flush with the upper rim of the said 
flange (11) . 
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• The invention pertains to a vessel (1) for storing 
particulate matter, such as pulverised coal or fly ash, 
comprising a main part (2) and, at its bottom portion, at 
least one discharge device (3), which comprises a 
converging outer shell (10) and a permeable, converging 
inner shell (14) positioned in the outer shell (10), the 
discharge device (3) being connected to the main part (2) 
by means of a first flange (9) at or near the lower rim 
of the bottom portion of the main part (2) and a second 
flange (11) at or near the upper rim of the outer 
shell (10) . The inner shell (14) is secured to the inner 
wall of the outer shell (10) of the discharge device (3), 
preferably to the inner wall of the second flange (11) • 
Thus, the number of gaskets is reduced and/or the 
positioning of the inner shell becomes less critical. 



Figure 2 
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